To date the adoption and diffusion of technology enabled solutions to deliver better healthcare has been slow. There are many reasons for this. One of the most significant is that existing methodologies that are normally used in general for ICT (information communication technology) implementations tend to be less successful in a healthcare context. This paper describes a knowledge-based adaptive mapping to realization methodology that provides a means to traverse from idea to realization rapidly and yet without compromising rigor so that success ensues. It is discussed in connection with trying to implement superior ICT enabled approaches for facilitating superior chronic disease management.
becomes critical since initiatives that prevent the occurrence of a disease help to circumvent costly healthcare interventions while, initiatives that detect early the occurrence of a disease usually enable better control of this disease and thereby less costly healthcare interventions. Moreover, in both instances quality is high since the patient is subjected to less invasive healthcare interventions and can enjoy a higher quality of life. In such an environment, the effective management of chronic disease becomes particularly important.
Chronic diseases such as diabetes, asthma or hypertension if detected early can be contained and the sufferers from these diseases can continue to lead fully and high quality lives. Conversely, if these diseases are not well managed, they can develop into more complicated healthcare problems and life for such patients becomes less than satisfactory. Critical to effective chronic disease management is regular monitoring and an informed patient who takes responsibility for managing his/her wellness. As identified by Rachlis (2006) a chronic care model requires the interaction and co-ordination of numerous areas (figure 1). In particular it requires the interaction of four key components of the healthcare system including self-management support, delivery support, decision support and clinical information systems and support from the community at large (table 1) . Taken together this provides a conducive environment to have productive interactions between an informed and activated patient and a prepared and proactive healthcare team.
Insert Table 1 and figure 1 about here Diabetes, one important chronic disease is increasing in its prevalence throughout not only North America but also the world (figure 2). Given the cost of treatment of increasing amount of the population, coupled with the fact of increased non-working hours due to the need to treat the chronic disease, increases in the prevalence of diabetes as is projected is indeed alarming to any healthcare system.
Insert figure 2 about here Regular monitoring of diabetes is a necessary part to controlling this particular chronic disease and keeping it from evolving into more complicated healthcare problems. To do this efficiently and effectively we believe ICT (information communication technologies) can play a critical role by providing a means to enable superior monitoring anywhere anytime and thereby also allowing the patient to enjoy a high quality lifestyle. However, technology initiatives in healthcare to date have had mixed results at best (Kulkarni and Nathanson , 2005; Lacroix , 1999; Frost and Sullivan, 2004; Wickramasingeh and Goldberg, 2004; Wickramasinghe and Mills, 2001 ; Wickramasinghe and Silvers, 2003) . We believe this is connected with the failure of current IS (information systems) methodologies to correctly capture the richness and complexities of a modern healthcare environment. To address this issue and in so doing provide an environment enabled by ICT that facilitates superior chronic disease management we describe the results from a seven year longitudinal study conducted between INET and CMMT (Goldberg, 2002a-e; Wickramasinghe and Goldberg, 2004; Wickramasinghe and Goldberg, 2003; Wickramasinghe, Goldberg and Bali, 2007) .
INET
In 1998 INET International Inc. was founded by Steve Goldberg. INET is a Canadian based Information and Communication Technology (ICT) Management firm. The company specializes in online data collection for international research studies, wireless healthcare programs and annual INET Mini-conferences. Through these areas of expertise INET delivers advanced online surveys for physician studies, develops and implements programs that support chronic disease management with a focus on diabetes, build consensus on new ways to deliver healthcare, and leads the development of ICT best practices to support healthcare professionals.
CMMT(http://www.stuart.iit.edu/cmmt/)
The Center for the Management of Medical Technology (CMMT) 2 is the IIT/Stuart center for research, education, and outreach and dissemination to the community at large. The mission of the CMMT is to become an international center of excellence at IIT and to advance the state of knowledge in the areas of the management of medical technology, via education, research, and dissemination.
Developing an appropriate ICT enabling environment to facilitate Chronic Disease Management
The journey began by realizing that the tradition SDLC (systems development life cycle was fundamentally flawed for any healthcare initiative. This was due to several reasons including the length of time it would take to realize the final application and the structures and inflexible stages that had to be traversed. Thus, INET developed a refocused SDLC model (figure 3a) and delivery framework (figure 3b). In this way it was possible to keep the strengths of the traditional SDLC and yet move from start to finish in a much compressed time frame.
Insert figure 3a and 3b about here Simply stated the research goal is to use a standardized mobile Internet (wireless) environment to improve patient outcomes with immediate access to patient data and provide the best available clinical evidence at the point of care. To do this INET International Inc's research (Goldberg, 2002a-e; Goldberg, 2003, 2004) starts with a 30-day e-business acceleration project in collaboration with many key actors in hospitals such as clinicians, medical units, administration, and I.T. departments. Together they follow a rigorous procedure that refocuses the traditional 1-5 year systems development cycle into concurrent, 30-day projects to accelerate health care delivery improvements. The completion of an e-business acceleration project delivers a scope document to develop a handheld technology application (HTA) proof-of-concept specific to the unique needs of the particular environment. The proof-of-concept is a virtual lab case scenario. A virtual Lab operates within a mobile Internet (wireless) environment by working with hospitals and technology vendors. The final step is the collection of additional data with clinical HTA trials consisting of two-week hospital evaluations.
From the refocused SDLC model it was then possible to design a robust and rigorous web-based business model, the INET web-based business model (figure 4). The business model then provides the necessary components to enable the delivery framework to be positioned in the best possible manner so it can indeed facilitate the key components of the chronic disease model being successfully enacted.
Insert figure 4 about here Successful web-based projects in healthcare require a consideration of many components. Figure 4 provides an integrative model for all key success factors that we have identified through our research (Wickramasinghe et al., 2005; Misra, 2004Goldberg, 2002a; 2002b; 2002c; 2002d; 2002e; Wickramasinghe and Goldberg, 2004) . What makes this model unique and most beneficial is its focus on enabling and supporting all areas necessary for the actualization of Information and Communication Technology initiatives in healthcare. By design, the model identifies the inputs necessary to bring an innovative chronic disease management solution to market. These solutions are developed and implemented through a physician-led mobile e-health project. This project is the heart of the model to bridge the needs and requirements of many different players into a final (output) deliverable a "Wireless Healthcare Program." To accomplish this, the model is continually updated to identify, select and prioritize the ICT project inputs that will:
Accelerate healthcare system enhancements and achieve rapid healthcare benefits. The model identifies the key healthcare system inputs with the four Ps 1) People that deliver healthcare, 2) Process to define the current healthcare delivery tasks, 3) Platform used in the healthcare technology infrastructure and 4) Protection of patient data. Close the timing gaps between information research studies and its application in healthcare operational settings. Shorten the time cycle to fund an ICT project and receiving a return on the investment In order to successfully implement the business model described above it was however necessary to have an appropriate methodology. Based on this need the AMR (adaptive mapping to realization) methodology was developed (figure 5). The idea of the methodology was to apply a systematic rigorous set of predetermined protocols to each business case and then map the post-prior results back to the model. In this way it was possible to compare and contrast both a priori and post priori findings. From such a comparison a diagnosis of the current state was made and then prescriptions were made for the next business case. Hence each pilot study incorporated the lessons learnt from the previous one and the model was adapted in real time.
Insert figure 5 about here By applying the tools and techniques of today's knowledge economy as presented in the intelligence continuum (IC) it is possible to make the AMR methodology into a very powerful knowledge-based systems development model (figure 6). The IC was developed by Wickramasinghe and Schaffer (2006) to enable the application of the tools and technologies of the knowledge economy to be applied to healthcare processes in a systematic and rigorous fashion and thereby ensure superior healthcare delivery. The collection of key tools, techniques and processes that make up the IC include but are not limited to data mining, business intelligence/analytics and knowledge management. Taken together they represent a very powerful system for refining the data raw material stored in data marts and/or data warehouses and thereby maximizing the value and utility of these data assets for any organization. In order to maximize the value of the data generated through specific healthcare processes and then use this to improve processes, the techniques and tools of data mining, business intelligence and analytics and knowledge management must be applied in a systematic manner. Once applied, the results become part of the data set that are reintroduced into the system and combined with the other inputs of people, processes, and technology to develop an improvement continuum. Thus, the intelligence continuum includes the generation of data, the analysis of these data to provide a "diagnosis" and the reintroduction into the cycle as a "prescriptive" solution. In this way, the IC is well suited to the dynamic and complex nature of healthcare environments and ensures that the future state is always built upon the extant knowledge-base of the preceding current state. Through the incorporation of the IC with the AMR methodology we then have a knowledge-based systems development model that can be applied to any setting not necessarily chronic disease management. The power of this model is that it brings best practices and the best available germane knowledge to each iteration and is both flexible and robust.
Insert figure 6 about here
Discussion and conclusions
In the current context healthcare delivery especially in the US is in need of fundamental re-design (Porter and Tiesberg, 2006) . The focus on cost containment also necessitates a shift to prevention rather than cure. This is particularly important in the case of chronic diseases such as diabetes.
Diabetes is the fifth-deadliest disease in the United States. Since 1987 the death rate due to diabetes has increased by 45 percent, while the death rates due to heart disease, stroke, and cancer have declined. The total annual economic cost of diabetes in 2002 was estimated to be $132 billion. Direct medical expenditures totaled $92 billion and comprised $23.2 billion for diabetes care, $24.6 billion for chronic diabetes-related complications, and $44.1 billion for excess prevalence of general medical conditions. Indirect costs resulting from lost workdays, restricted activity days, mortality, and permanent disability due to diabetes totaled $40.8 billion. The per capita annual costs of health care for people with diabetes rose from $10,071 in 1997 to $13,243 in 2002, an increase of more than 30%. In contrast, health care costs for people without diabetes amounted to $2,560 in 2002. One out of every 10 health care dollars spent in the United States is spent on diabetes and its complications.
The preceding then has outlined an ICT enabled solution that in itself is not exorbitantly expensive in order to facilitate the superior monitoring of diabetes ( figure 7) . Moreover, the paper has outlined the critical success factors and necessary steps required to traverse from idea generation to implementation of this solution. In so doing, we have also outlined a most useful flexible yet rigorous approach that is suitable to all ICT implementations in healthcare. Given the interest in e-health, computerized medical records and personal health records both in the North America and Europe. We are confident that the AMR methodology presents itself as the most suitable methodology to adopt when implementing such initiatives in any healthcare context and thus close by calling for more research in this area. Figure 7 ICT Support for Diabetes
